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Complex formation of Co(II), Ni(II), Cu(II), Zn(II) and Cd(II) with 1-benzenesulphonamido-
1,2-bis(2'-benzimidazolyl)ethane (RH) in water-dioxan (1: 1) at 11=0-5 and 30 ±0-5°, has been
studied potentiometrically. Formation of 1 : 1 and 1: 2 complexes has been indicated for all the
metal ion except Ni(II) for which the study has not been possible beyond first step due to precipita-
tion at the completion of first step complex formation. The successive formation constants Kl
and K. have been determined following Irving and Rossotti method. Log K; and log KI are com-
puted by graphical methods and are found to be 8-00, 5-54; 9-18, nil; 11-10, 5-72; 9-58, 6·84; 7-24,
5-14; for Co(II), Ni(II), Cu(II), Zn(II) and Cd(II) respectively. The stability constants follow Irving-
Williams order, Le, Co(II) <Ni(II) <Cu(II) >Zn(II»Cd(II). In addition the formation of the
species Cu(RH)·· has also been indicated at lower pH values and the formation constant (K'l) has
been found to be log K'1=4-40.
METAL-comPleXing properties of some bio-logically important sulphonamidobenzimida-zoles have been reported earlier from this
laboratoryt-", In our previous communication", we
have described the synthesis of l-benzenesulphona-
mido-l,2-bis(2/-benzimidazolyl)ethane (RH) which is
found to act as a chelating agent. The present
paper describes the determination of the formation
constants of Co(II) , Ni(II), Cu(II) , Zn(II) , Cd (II)
complexes of RH following Irving and Rossott i
titration technique! in water-dioxan (1: 1) at 30°
± 0·5° and fL = 0·5 (NaCl04)_
(}CN~ hN))I ;'C-CH2CH-C:;;'- I"·e-, NH I" ~
C H SO_NH NHS 5 ,-
(RH)
Co(II), Cu(II), Zn(II), Cd(II) form complexes of
the type MR+ and MR2. But for Ni(II), titration
could not be followed beyond one step due to
precipitation at the completion of the first step
titration. In addition the formation of Cu(RH)':+
has also been indicated at lower pH values,
Materials and Methods
The ligand RH was prepared by condensing
N-benzenesulphonyl-L-( - )-aspartic acid and 0-
phenylenediamine and pur ified as described
earlier", All other reagents were either AR quality
or properly purified. The solutions were made in
doubly distilled CO2-free water and purified dioxan",
The PH values of the solutions were measured
with a Cambridge portable type pH-meter having
a glass electrode (1-13 pH range) in conjunction
with SCE connected to the cell by means of an
agar-2M NaNOs bridge. The pH-meter was cali-
brated with sodium hydrogen phthalate and borax
778
buffer solutions in water with due temperature
corrections.
Potentiometric titrations of 50 ml solutions in
water-dioxan (1: 1) of the following compositions:
(a) O'OlM HCI04; (b) 0'01M HCl04 + 0'02M RH,-
(CI04)2; (c) O'OlM HCI04 + 0·02M RHa(ClO')1I+ 0'005M or 0'003M metal perchlorate; with a
0·1424M NaOH solution in water-dioxan (1: 1).
The RH3(CI04)2 was obtained in sit« by mixing
quantitatively RH and HCI04 in the molar ratios
of 1: 2_ Ionic strength of the media was kept
constant (fL = 0·5) throughout by adding requisite
amount of NaCI04_ Duplicate titrations were made
in each case under identical conditions.
Results and Discussion
The stepwise formation of metal complexes with
RH~+ may be represented as
M2++RH;+~MR++3H+ (1)
MR++RH~+~ MR2+3H+ (2)
From the titration curves the average number ('liH)
of protons associated with the ligand ion R-, the
average number ('Ii) of ligand ion R- bound to metal
ions and free ligand exponent PL where L = [R-] ,
were calculated using the expressions (3), (4) and
(5) respectively due to Irving and Rossotti-.
_ (v" -v')(N° +EO)
nu = y- - (vo+-v')T
L
- •.. (3)
_ (V'II -v')[N°+Eo+Td'Y-'liH)]
n = (vo+v")'liHTM ... (4)
[
"=" ( 1 \" IL~;:antilog B) 0 WI
PL = loglo ,,=0 ~ .__ xv -t:v ... (5)
lL-nTM v
where v', v" and v"' are the volumes of alkali solution
required to reach the same pH, i.e. same pH-meter
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reading B in the tit rations of (a), (b) and (c) solutions
respectively; v", TL, TM and EO are the initial
volume of the mixtures, initial concentrations of the
ligand RHi+, metal ion and HCI04 respectively;
N° is the concentration of the alkali solution ; y is
the number of dissociable protons and equal to
3 in the present case. The stepwise acid dissociation
constants k;, k; and k~ of RH~+ ion have been
determined under identical conditions and pk;, pk;,
pk~ have already been reported to be 2'77, 4'89,
10·43 respectively".
The nature of formation curves (Fig. I) for Co(IJ),
Zn(II) and Cd(II) indicates overlapping of the
complex formation steps and consequently the
successive formation constants, Kl and K2 have
been evaluated by linear plots of Eq. (6),
n 1 (I-ii), K] ••
(2-n) X P:= (2-n) X -r +K1!1..2 ••• (6)
But for Ni(II), log Kl has been evaluated by linear
plot of Eq. (7),
PL = log (l--=-n) +log Kl ... (7)
n
which has been deduced all the assumption that
[NiR2) ::::: 0 when O<n<l. In the case of Cu(II) ,
the first-step formation constant has been evaluated by
curve-fitting method" and the second-step formation
constant by linear plot of Eq. (8),
(2-n) r
pL = log (n-I) +log 11..2 ••• (8)
o.
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which may be deduced on the assumption that
[Cu2+J :::::0, when 1«s-cz.
The n values have been calculated from Eq. (9)
using experimentally determined values of Kl and K2•
_ K1L+2K1KzP
neale. = 1+K
1
L+K
1
K
2
L2 ... (9)
However, for Ni(II), neale. values have been obtained
from Eq. (10)
- KIL (1 )
neale. = 1+K
1
L ... 0
The calculated formation curves have been drawn
along with the experimental points (Fig. 1A). The
results are stated in Table 1. Experimental points
are in good agreement with the calculated values
throughout the titration except for Cu(II). Standard
TABLE 1 - FORMATION CONSTANTS OF METAL COMPLEXES
Metal log ]{1 log 1{2 Standard
deviation
Co (II) 8·00±O·O4 5·54±O·O5 ±O·Ol1
Ni(lI) 9·11l±O·04
(O<n<2)
±O'OlO
Cu(LI) 11-10+0,03 5·72 ±0·03
(O<n<l)
+0·008
(4·40±0·03)* (0·S<n<1·9S)
Zn(II) 9·58 ±O'O4 6·84±O·O3 ±O·O09
Cd(II) 7·24±O·04 S·14±O·04
(O<n<2)
±O'OO9
(O<n<1'9)
*log 1(1'
o.
0.'
t 0.6
-I
l\
0.4
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Fig. 1 _ Formation curves of MR+ and MH.o chelates [Inset gives the formation curve of Cu (RH)2+ chelatcs;
M(II) -- O'OO5M (~); and O'003M (0); calculated curves (-) employing corresponding formation constants)
779
INDIAN J. CHEM., VOL. 14A, OCTOBER 1976
The potentiometric study indicates that RH acts
as a monoprotic tridentate ligand towards Co(II) ,
Ni(II} , Cu(II). Zn(II} and Cd(II} evidently with
the dcprotonation of imidohydrogen of -S02NH-
groupt-".
The overall stability of the complexes has been
found to follow Irving-Williams order, i.e. Co(II}
<Ni(II} <Cl1(II»Zn(II»Cd(II}. But regarding K2,
Cu(II}<Zn(II) which appears to be anomalous.
Possibilities of the formation of polynuclear species
have been checked by using the different concen-
trations (0·003 and 0·005M) of metal ions with
the same concentration (0'02M) of ligand. The
coincidence of the experimental points on the same
calculated curves (Fig. 1) supports the formation of
mononuclear complexes only.
At the end of the t itrations for Cu(II) and Co(II),
the solutions become deep green and deep violet
respectively, which are extractable in various organic
solvents. For Ni(II) a light green compound sepa-
rated. On the addition of alkali solution a purple-
colonrcd solution was obtained. Further work on
the development of spectrophotometric methods for
these metal ions is in progress.
deviation (!J) have also been calculated". Limits
of error have been found out by comparing the
experimental formation curves with the calculated
ones", The results are stated in Table l.
In the case of Cu(II) significant deviation has been
observed at the earlier stages of titration (n<0·5).
This anomaly is assumed to be due to the formation
of complex ion Cu(RH)2+ which may be represented
by Eq. (11).
Cu2++RH~+ ~ Cu(RH)2++2H+ ... (11)
Here also from the titration curves, the average
number (nw) of protons associated with the ligand
RH, the average number (n') of ligand RH bound
to Cu2+ ions and free ligand exponent PL' where
L' = [RH], have been calculated from Eqs. (3-5)
using y = 2 in Eqs. (3-4) and with proper corrections
for ~~ in Eq. (5). Formation curve is drawn and
the formation constant, K~ has been computed by
linear plot of the relation (12),
L' I (1-n') I 1"'P = og --:;;-;-- + og \.1n
The n' values have been calculated from Eq. (13),
employing experimentally determined value of !(~
and the calculated curve has been drawn along WIth
the experimental points (inset in Fig. 1). The goo~
agreement between the calculated and the expert-
mental curves supports the assumption made in the
case of Cu(II) , i.e. the formation of the species
Cu(RH) 2+.
_ K~L'
neale. = l+K{L'
The results are given in Table 1. Standard
deviation has been calculated and found to
be ± 0·008 in the range 0·15<n' <0·7 .. However,
the deviation at n'>0·7 is evidently due to
commencement of the steps (1) and (2). This
assumption of the formation of the species Cu(R~}Z+
is not unlikely, because the complex formation
occurs at pH <3·0 where other metal ions do not
react with the ligand at all.
... (12)
.,. (13)
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